Nenjiang County experienced intense land use / cover changes during 1985-2000.The remote sensing and GIS methods were used to find the changes temporally and spatially. The result indicates: the forests were fallen in a large area, from 49.46% to 39.03% of total land area. Simultaneously, the croplands were increased rapidly from 26.02% to 37.42%. The conversion of forests and croplands were the main activities of landuse. Oppositely, Urbanization resulted in the decrease of the croplands in Southeast China during this period. In order to predict the landuse in 2015 and 2030 in this region, the CA-Markov model was taken. The predicting result indicates: From 2000 to 2015, 2000 to 2030, the croplands would increase 2.53% and 2.85% respectively, which account that the croplands exploitation reached a peak, only a small area of land can be used in croplands.
INTRODUCTION
Land use /cover change is one of important factors that resulted in global warming (Turner et al, 1994) . Recently, China is susceptible to land degradation on account of its climate, its geography and considerable population pressure on the land. Land use /cover changes during the past decades have arguably been the most widespread and intense in China's history. In Southeast China, the urban extending and cultivated land shrinking are the main activities. Oppositely, cropland increased in the Northeast China. The Nenjiang County is the typical area that the croplands increased and the forest decreased (YE. Baoying, 2003) .
The objectives of this study are (1) to analyze the temporal and spatial changes of Nenjiang county during 1985-2000; (2) to simulating and predict the land use of Nenjiang region in 2015 and 2030 based on CA-Markov model.
DATA AND METHODS

Study area
Nenjiang County is located in the West of Heilongjiang province, China (E124 44 30 --126 49 30 , N48 42 35 --51 00 05 , Fig.1 ). It belongs to North Temperate Zone and continental monsoon climate where the annul temperature is -0.1 , and annul average rainfall is 550-600mm.The forest is the one of main land use types, mostly covering the low hill in the north. The cropland was planted in the south, which is a part of Nenjiang alluvial plain that is the main food supplying base of China. Four TM(1985) and 4 ETM+(2000) scenes covering the region were used. The images were processed in the Erdas 9.1 (Leica, 2006) , the process included band combination, color enhance and geometric correction, which the 20-30 GCPS were collected from the topologic map at a scale of 1:100000, and a RMS less than 1 pixel. The images were resampling to 30m with the bilinear interpolation.
Image and process
The artificially and interactively interpreting method was taken to extract the land use / cover classifying information. We used 6 main classes and 24 subclasses for this region. The main classes consist of cropland, forest, grassland, waters, urban/built-up land, and swamp. The ArcGIS 9.2 (ESRI, 2006) were used to interpret and extract the vector data of land use / cover from the images of 1985 and 2000.The classified precision were evaluated is 88.95% (YE Baoying, 2002) .
Markov Chain
Markov chain is a series of random values whose probabilities at a time interval depend on the value of the number at the previous time. A given parcel of land theoretically may change from one category of landuse, to any other, at any time. Markovian analysis uses matrices that represent all the multi-directional landuse changes between all the mutually exclusive landuse categories.
The Markov chain equation was constructed using the landuse distributions at the beginning (Mt) and at the end (Mt+1) of a discrete time period as well as a transition matrix (M Lc ) representing the landuse changes that occurred during that period. Under the assumption that the sample is representative of the region, these proportional changes become probabilities of landuse change over the entire sample area and form the transition matrices. The three matrices created above were then assembled to form a 'link' in the Markov chain using the following equation (Michael R et al,1994): Where U t represents the probability of any given point being classified as urban at time t, and LC ua represents the probability that an agricultural point at t will change into urban land by t + 1 and so on. Iteration of this matrix equation derives the equilibrium matrix Q which by definition occurs when the multiplication of the column vector (landuse distribution) by the transition matrix yields the original column vector, i.e., M LC * M t = Mt+ 1 = Mt .
CA model
Cellular automata (CA) were firstly used by Von Neumann (Von Neumann J, 1966) for self-reproducible systems. CA is discrete dynamic systems in which the state of each cell at time t+1 is determined by the stated of its neighboring cells at time according the pre-defined transition rules. CA as a method with temporal-spatial dynamics can simulate the evolution of things in two dimensions. This method has been widely applied in many fields of geography. Especially, it was used earlier to modeling the city growing and the land use evolution (Tobler W R, 1970; Couclelis H, 1985 Couclelis H, ,1989 White R, 1993) CA is inherently spatial and dynamic, which makes them ideal choices for the representation of spatial and dynamic processes. Because of these properties they have been widely used in land use simulations. Furthermore, they are simple and computationally efficient and therefore make it possible to model land use dynamics at high resolution.
The similarities between CA and raster GIS data structure have led to the implementation of CA models inside GIS by many researchers. CA serves as analytical engines to enable dynamic modeling within GIS. Integrated GIS and CA models for the dynamic simulation of land use changes can generate realistic simulations of land use patterns and spatial structure.
CA᧩ ᧩ ᧩ ᧩Markov model
Markov chain and CA both are the discrete dynamic model in time and state. One inherent problem with Markov is that it provides no sense of geography. The transition probabilities may be accurate on per category basis, but there is no knowledge of the spatial distribution of occurrences within each landuse category. We will use CA to add spatial character to the model. The Idrisi 15 (Clark Labs, 2006) integrates CA with Markov very well. In this paper, we take the Idrisi GIS software to simulate the land use in this region. This model needs some parameters as follows:
(1) Landuse data of 2000 is specified as the initial image. The transition probabilities areas from the years 1985 to 2000 were used for Markov conditional probability matrix.
(2) Generate the suitability maps: according to the underlying landuse change dynamics between the years 1985 and 2000, a series of suitability maps consisting of cropland, forest, grassland, urban/built-up land were empirically derived from the land cover images, which values are
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standardized between 0 and 255 ( Fig.2-5 ). The waters, swamp are conditional constraints, which is a bool value (Fig.6-7) . 
RESULT AND ANALYSIS
Changes from 1985 to 2000
This region is the ecotone of cultivation and forests production. The forest covers on the low hill in the north of county. The cultivated land distributes in the plain of south, which is the part of Nenjiang River alluvial plain. From the land use/cover maps of the year 1985 (Fig.8) , the forest is the main land use type, covering the 48 percent of the total areas. The second main land use type is the cropland, which occupied 26.12 percent. Subsequently, the swamp occupied 17.53 percent, which distributes near the sides of river. Other landuses are less than 10 percent. From the year 1985 to 2000, the cropland increased rapidly from 26.12 percent to 37.42 percent (Tab.1, Fig.8-9 ). The forested lands have however, decreased substantially from 48.46 percent in 1985 to 39.03 percent in 2000,a record loss of 9.43 percent. Other landuses changed slightly, which grassland decreased 2.22 percent, waters increased 0.6 percent, urban and built-up land increased 0.04 percent and the swamps decreased 0.73 percent. An analysis of the changes in table and figure shows: The forested lands have given way mainly to the expanding agriculture. The forests were felled took place on the foot of hill near the sides of river. 
CONCLUSIONS
This paper presents the results for analyzing and predicting land use change by using remote sensing data, CA-Markov model. From this study of land use/cover changes in Nenjiang county between 1985 and 2000, some conclusions were obtain: The increase in agricultural areas from 26.12 percent to 37.42 percent is closed related to the increase in population .The population has increased the demand fro food and has led to intensification of the shrink of forest and expansion of cultivated land. The simulation of land uses in the year 2015 and 2030 indicated that the suitable to croplands decreased rapidly after 2000.
